
Bay Inhabitants °°°
Chinese Mitten Crab
First identified in San Francisco

Are Mostly Aliells Bay two years ago, theChinese
mitten crab has sometimes
swarmed alarmingly in other

into houses in Germany.
By WILLIAM K. STEVENS

BERKELEY, Calif.
From the vantage point of the Berkeley Marina one recent morn-

ing, San Francisco stood sharply etched against a fog bank aestling          :

I along the Pacific shore like a gigantic roll of cotton candy, a recurring          "
tableau essentially unchanged since Tony Bennett first left his heart in
the city across the bay.                                                 :

But ecologically speaking, the broad, aquamarine expanse of San
Francisco Bay Itself has been drastically reinvented.

Every 12 weeks on average, a new species of aquatic animal, plant
cr microbe from somewhere else in the world takes up residence in the
b~y. It has become what one expert, Dr. 3ames T. Carlton of the
Williams College Maritime Studies Program at Mystic, Conn., calls "an
accJdema! zoo" -- a churmn8, chaotic cauldron of life in which scores of

I weird, wonderful creatures of ancient lineage that "never before met
each other until just a moment ago in ecological time" have been
thrown together.

So far as is known, ecolo-
gists say, the bay is the estuary
most invaded by exotic species
In the world, and estuaries in .~ ca.~.ldrorJ, o~general are the earth’s most
invaded marine ecosystems. Orgal3_iSl’~S~ all

on that recent morning,I Dr. Andrew N. Cohen, a marine st~]rJ.~7ers in
biologist at the University of
California at Berkeley who ecological time.works closely with Dr, Carlton,
directed a visitor’s attention to
an especially revealing gauge.

It was a block of orange Styrofoam, perhaps 3.5 feet by 1.5 feet, of
the type that buoys the floating docks of Berkeley and other marinas.
When lifted from the water, the block’s underside appeared covered by
a mass of multicolored moss and lettuce, black, brown, green, tan and
yellow. But the plantlike organisms were actually colonies of marine
animals, among them sponges and sea squirts, that cling to underwater
surfaces around t~e bay in great masses. About a dozen species were ,.-’. : ..:.
visible, and invisible, uncounted microorganisms raised the total con- ..,
stderab]y.

"Virtually everything you see has arrived in San Francisco Bay =, " , ., ;.,=i..
from some other part of the world," Dr. Cohen said. That is the way it is ""-"o( ":"
the length and breadth of the bay’s food web, from top predators like
striped bass (introduced on purpose from the Atlantic Ocean more than i )’=~ .’-a centur~ ago) to microscopic protozoa from Japan.

Invasive species are seen almost everywhere in the world as . f~!~i. ~ .
human activity persistently rearranges the earth’s flora and fauna. But ¯ ...- .
San Francisco Bay offers a special window on where the global game of . ~ :’,:~!:.!’ .:
mix and match is leading at its most extreme. Species from other .. ,..
oceans now dominate the bay, and more are being crammed in all the
time. They cover the bay’s bottom virtually wall to wall, and no part of :’" ; :~,v.

. the larger bay ecosystem has escaped their impact; in some places they .:,..,
Continued on Page B8 ""
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San Francisco Bay Teems with Alien Species |

~ey have, in fact, created a br~d
new ~os~tem and ~rhaps, in time,
will write a ~w chapter in evolution..

~e~ exotic invaders (scientists
have iden~i~ 212 such s~cies ~
far, and ~e o~gins of 123 o~e~ are
unknown) have arrived by a va~ety
of avenue, from pi~yba~ing on
im~n~ o~ers to deli~rate Intr~
duction to hil~hiking in ~x~ of fish
bail But ~e biggest single mecha-
nism, ~ien~sts ~lieve, is ~e ballast
water f~m s~ps. Discharg~ rou-
tinely ~d daily into ~e bay in larger
qualities f~m bi~er vessels, bal-
last water is ~lieved to have caused
a marked acceleration of ~e inva-
sion in ~e I~[ decade.

~nlinuing invasions are changing
the ~osystem so fast that scientists
are doing well just to keep up with
the growing Inventory and distribu-
tion of s~i~s. Unde~t~ding ~e
organisms’ interactions and ~e
chara~e~sti~ of ~e new system
has prov~ more elusive. Each new
int~uc~ s~ies "can send it off in
a diife~t direction," Dr. ~rlton
stud of the ~osystem, "and ~cause
I don’t know what my next species is Dr. Andrew N. Cohen, a maline biolo~ at ~e U~iW o[ ~l~om~, e~mlning an
Iomor~w, I don’t know what to pre-

Ecologists like Dr. Cohen ~d Dr.
Carlton, ~e au~ors of an e~austiva
study of ~e bay this year for ~e $o~e ol the Bay’s ~nners and Losers
UniI~ States Fish and Wildlife
ice, know ~at ~ere are ~ ~sitive
~d negatiye effects. For o~ners,
there are m’~y more species in ~e
bay ~an ~fore the inv~ions; ~e
rich new ~os~tem is in some meas-
ure a showcase of life’s inventive
va~ety.

BuI similar groupings of s~ci~s
are al~ ~ing ~sembled in o~er
estuafl~ a~nd ~e globe while the
bay’s native flora ~d fauna dwindle
in ~e face of Ihe invasion from
abroad. At least one bay s~cies, the ~ic~ail
¯ ickIail ~ub, has ~en driven to
~[inc~on. ~ther, ~e delta smelt, Bu~ng
is end~ger~. A ~ird, ~e Sacra- Is~
mento ~r~, c~ no longer ~ found
In l~ waters. ~d many o~er ha- The native lhicktail chub has b~n ~ped ~t. The burr~ing is~,
rive ~lations have b~n dimin- Sp~er~ penI~n, ~iginal~ fr~ New Zealand, Tasmania and
ished. Invading praetors may have Australia, ~i~h arrived in 1893, c~ bur~s into any soft ~terial,
cent~t~ to ~e [~sses, Dr. Cohen inGiu~ing styrofoam floats.
s~d.

faun~ ~aracterJstics and ~e web of
~mmunity relationships that it had ~=~s W ~r~ ~ ~ ~ ~ Yo~ ~develo~ since its ~st-ice age ori-
gin, ~d which distingutsh~ it from
¯ e o~er great estuaries of the
world," ~e two ecologists wrote in a ’ ~ " ’ ’
re~rt last year. -~ . .,

h~ transferred at least a h~dful of ~ , ~: .
San Francisco Bay s~cies to distant ¯ .: ’ "
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stones. Some people harvest and eat c~.Eoo~ ~ ~henatiVeimpactbirdS’ofandthethecrab’sc°ncerndepreda-iS that
them. ’ ’ tions will cascade unpredictably

On Bay Farm Island, ribbed horse c,~oFO~.~ through the food web.
mussels, natives of the Atlantic, bur- Biological transformation has also

and high tide mar~. ~ey are in ~e tur~ of ~e d~p, o~n water, Gobies
b~y by ~e millio~, forming de~e ~rom 3apart and shrimp f~m ~a,

~ co~on~, o. ~ay ~m ]s~d, they .... ~or ~n~co, ~Ve jo~.e~ ~e
bu~ ~emselves wi~ just ~e tips of b~s. In ~e fr~her water of ~ deltaspec~a~ ~e~ do~b]~ ~hen~ ex~s~ ~ = ~e .o~e~ end o~ ~e ~y

global game of slightly sepa~t~. ~i~tts~ say ~ s~ies like goldf~h, ~,~adfin
~ey often clamp ~ut on ~e ~ or ~ shad ~d, f~m e~tem No~ Amer-

mix and match, bt,s of ~e end~ge~ California ,
clap~r rail, ~metimes ~us~g

~
~ ice, six s~ctes of ~ ~ four

adult birds ~ sta~e ~d ~i~ to ~ s~les each of ~nfi~ ~d b~s.
~e ~nomic eff~ of ~’ d~wn. On ~e o~er h~d, ~e mus- ~ ~ v~ ~ ductio~ ot new s~ have ~nestua~es, Dr. ~n said, the extent sels have ~me ~e r~ls’ main~en s~cies ~ve ~ody ~edlittle studied, but Dr. ~en ~d Dr.and volume o{ ~e out~und tryster

are not known. For terrestrial s~- ~e rails’ life ~ made fu~er h~-~e S~ F~ci~o ~y ecolo~, Carlton say ~ey a~ ~ly ~-
cies, ~e flow is heavily f~m Europeardous by two ~t~uc~ l~d p~a- tl~, ~ough m~e~ ~ one ~ ac-

and Asia to o~er parts of ~e world,to~, ~e Noway rat ~d ~e r~ fo~~y ~mic value, ~t ~eir effect~rding W ~eir study, ~me ~t~
duc~ fish and shellfish ~ ~meFor estuarine s~les, he said, "weSome measure oi reiuge I~m ~emon ~e life oi ~e bay ~ ~ous.valuable f~ and s~f~lngdon’t have a handle on ~e preen-h~ ~en p~vid~ by yet ~o~er~ey~Ist~mic~pic~imals

derance one way or ~e other." aquatic invader -- Afl~ttc ~rd-~d pl~, ~l~ ~l~n ~d cies. ~me, like mos~l~f~ ~l
For g~ or ill, signs of the bay’sgr~s, which ~l~ly ~vers ~e sho~ph~oplankton, which form ~e basisnuis~ce ~sect ~pulaflo~ ~ ~e

transformation are eye.where, of Bay Farm Isled wi~ a tall, ~ickof ~e bay’s f~ ~ain. ~ientis~o~er hand, many o{ ~e ~ofi~

"Oh, yes, all right!" Dr." ~hen protective blanket. But whe~er It iscal~late ~at in ~e ~e~ bay,wate~a~ ~d water delive~
terns, damage d~ks, ~cre~eexclaimed as he examin~ a tiny~tter habitat ~ ~e spa~er Pa-where ~e ~ams are popularlycost of removing encysting org~-iso~, similar to ~e American pill-cific ~rdgrass it ts replacing ~ notde.e, ~ey ~ filter plankwn from

bug ~at rolls up into a ball, ~at heknown. Nor is It clear just how all of all ~e water tn ~e d~p channelsisms i~m ships ~d prey ~ v~u-
had jus~ extract~ from a glob of~is ~logical pulling ~d haulingmo~ ~ once a day ~d all ~eable native commercial ~d
b~ological material clinging lo a dockwill ultimately affect ~e end~ger~water in ~e ~allows, where ph~s~cias.
at the Coast Guard station in Oak-bird. plankton ~cially a~und, nearly Except in the Great ~,
land. Dr. Cohen’s excitement was the Far~er ~uth, on ~e bay shore13 tim~ a day. It Is fea~ ~at ~eHud~n River and Alike, ~e~ are
scientist’s excitement over discov-near Hazard, Dr. ~hen ~a~clams will ~ently r~uce ~eno gove~ment cont~ on ~e dis-
e~, in ~is case dir~ted at a recentdown wi~ a long-handl~ net ~dpl~kton, to ~e detriment of fish ~at~arge of ballast water. ~nator
arnval oi Australian orion. Butbrings up a haul o~ what I~k likel~ in o~n water. John Glenn, ~mocrat ot Ohio, int~
some of ~e l~’s ~latives ap~arblack~yed ~as. ~ey are tiny ~1~ ~o~er r~ent arrival f~m Asia,duced a bill this year W ~end regu.
to ~ ~rlng into ~d severely dam-clams, invade~ ~at have ~ver~~e C~nese mitten crab, ~ call~lotions to all United States
aging ~e Sty~foam unde~inningslarge stret~es of ~e bay’s ~ttom at~u~ of 1~ hal~ claws, ~njures
oi some d~. causing ~em to sinka ~ density oi mo~ ~ 4,~0 alea~ of ~o~er sort. A native oi
slowly, square f~t since their intr~u~ion aKorea and China, It may have ~n

At ~ of bay wi~in sight mere ago, bay A rich ecosystem
of the Oakl~d Coliseum, littleneckIn ballast water. But i~ ~havior when lnt~uced
clams from 3upon, ex~sed at low ~e clams are t~ small to haveou~ide i~ native r~ge h~ ~me- kes hold at thetimes ~n disturbing. In Germ~y

.... In me ~aa0’s, Dr. ~hen ~d Dr. Carl-~xp~s~ O~
’ ’ .’~:’~" " ton w~te In their re~ ~e invad-¯"."? ~ lng crabs ~ame "phenomenallyflOr~ ~d....::,...,,:,.. . abundanL" wi~ masses of ~em

’ "migrating up the main flve~, piling
up ~ainst ~ms, climbing spillways
~d swa~ing over ~e b~ onto Even if all int~uctio~ stop~
~ore, ~metimas wandering ontotomorrow, S~ Fr~cisco Bay would

"’ ~ : ~ ’ city st~ ~d enteflng h~sas." Nohardly return to i~ fo~er ~dition.":"/. ~ch o~lau~t has yet t~en place
~ ":" here, but ~e crabs were fl~t identi- While ~e settling~ut of iffi new

’ ":~:’ fi~ in ~e bay only two ~a~ ago. ~olo~ Is not yet ~mplete, Dr. C~
~ ~.,~"...~ ~ a~val ~ ~e late l~0’s washen ~lieves It mi~t ~enm~y lull
.~. ~ ~eAfl~ticg~c~b, at~eaquat-into a pattern similar ~ ~at
~.’ :"" ",~ ’~ ic Atfll~ ,It ea~ ~nually ~e~-se~ in terrestfi~ a~ d~r~

~/.’:.....~
~ing," Dr. ~hen satd~ A native ofby hum~s. ~ere, a ~latively few

.̄. Eu~’, it made im No~ Americ~hardy, adaptable, "w~y" ~es

clam fishe~. It may have ~n lnt~
duc~ here eider in ball~ wamr or, Stepping back ~d ~ing a phll~
~ in ~e ~ of ~me other ~ies,~phical i~k, Dr. Carlton p~i~
~ la~ae ~ Mgae u~ ~ pack shi~~at whatever ~e chara~er
men~ of bait wo~s f~m New Eng-new ec~ystem, it will In Ome ~me
l~d. to ~ accepted ~ na~l. No matter

-,’... :... Here, ~e g~n c~b h~ shown,how great a creamre’simpa~ on
./.;’:~.,’~,. i~elf capable of ~flng ~e ~ng~bay, he ~d, ~er ~e ~a~ It will

... : ,;. , : ’. hess crab, a v~uable f~ s~ci~,gradually ~ s~n ~ a ~
: ~. ~d ~ere is ~ncem ~at tt may~e envl~nment by ~ple w~

- ’ :~ " ’ bay. ~e grin crab is t~ small to ~
:~ .. a marke~ble replacement. In B~"’~ree or ~our generafio~ into

’..’.’;., dega Har~r, grin crabs can ~future," he said, "it won’t ~ an
collect~ by ~e s~re. ~ere they eatissue. Time heals all."

. ¯ ~;~ the same shellfish that are eaten by

""~:.~;’’, i

.:
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